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Context: The interpretation of available clinical evidence related to the effect of testosterone
(T) treatment (TTh) on sexual function has been inconsistent, in part due to the use of different
and self-reported measures to assess outcomes. The International Index of Erectile Function
(IIEF) is the most frequently used validated tool to assess male sexual function.
Objective: To perform a meta-analysis of available data evaluating the effect of TTh on male
sexual function using IIEF as the primary outcome.
Evidence acquisition: An extensive Medline, Embase, and Cochrane search was performed
including all placebo-controlled randomized clinical trials enrolling men comparing the effect
of TTh on sexual function.
Evidence synthesis: Out of 137 retrieved articles, 14 were included in the study enrolling
2298 participants, with a mean follow-up of 40.1 wk and mean age of 60.2  6.5 yr. Using IIEFerectile function domain (IIEF-EFD) as the outcome, we found that TTh signiﬁcantly improved
erectile function compared with placebo (mean difference = 2.31 [1.41;3.22] IIEF-EFD score,
p < 0.0001). Patients with more severe hypogonadism (total T < 8 nmol/l) reported greater
changes in ﬁnal IIEF-EFD score when compared with those with a milder T deﬁciency (total
T < 12 nmol/l; 1.47 [0.90;2.03] and 2.95 [1.86;4.03] for total T < 12 nmol/l and <8 nmol/l,
respectively, Q = 5.61, p = 0.02). The magnitude of the effect was lower in the presence of
metabolic derangements, such as diabetes and obesity. Other aspects of sexual function, as
evaluated by IIEF subdomains, were also improved with TTh including libido, intercourse
satisfaction, orgasm, and overall sexual satisfaction.
Conclusions: TTh signiﬁcantly improves erectile function and other sexual parameters as
measured by IIEF in hypogonadal men. These results argue that sexual dysfunction should be
considered a hallmark manifestation of T deﬁciency, since those symptoms can be signiﬁcantly improved with normalization of serum T. In addition, these results suggest that TTh
alone may be considered a reasonable treatment for hypogonadal men with milder degrees of
erectile dysfunction, whereas the addition of other treatments, such as phosphodiesterase
type 5 inhibitors, may be more appropriate for men with more severe erectile dysfunction.
Patient summary: We investigated the effect of testosterone treatment on sexual function by
performing a meta-analysis of all available studies that used the most frequently used
assessment tool, the International Index of Erectile Function. We found that testosterone
treatment signiﬁcantly improves erectile dysfunction, as well as other aspects of sexual
function, in men with testosterone deﬁciency. This treatment may be all that is required for
hypogonadal men with milder erectile dysfunction; however, additional treatments may be
necessary in more severe cases.
# 2017 Published by Elsevier B.V. on behalf of European Association of Urology.
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1.

Introduction

The fact that symptoms of testosterone (T) deficiency in
adulthood, also termed late-onset hypogonadism, often
overlap with those characteristics of the aging process and
its associated comorbidities underlies the recent controversy
regarding the value of testosterone therapy (TTh) (http://
www.fda.gov/downloads/Drugs/DrugSafety/UCM436270.
pdf) [1]. In the case of T deficiency (TD), there is uniform
consensus among professional medical societies that the
diagnosis requires a combination of symptoms/signs together with low serum T concentrations: a reduction of
circulating T alone is not enough for diagnosing the
condition [1–3]. Symptoms of T deficiency include psychological (ie, depression), physical (ie, fatigue), and sexual
concerns [1–3].
A quantitative review by Millar et al [4] on the accuracy
and operating characteristics of signs and symptoms for
predicting low T in aging men indicates that all relationships
are relatively poor in terms of sensitivity and specificity. The
European Male Aging Study, a population-based survey
performed on more than 3400 men recruited from eight
European centers, clearly showed that sexual symptoms—
particularly erectile dysfunction (ED) and decreased frequency of sexual thoughts and morning erections—are the
most sensitive and specific symptoms in identifying patients
with low T [5]. The syndromic association of these sexual
symptoms resulted in improved identification of men with T
deficiency. Similar results were recently reported by us in a
large cohort (n = 4890) of patients consulting for ED at the
University of Florence [6]. In contrast, psychological and
physical symptoms were less informative [5].
Recently, even the association between T deficiency and
sexual symptoms has been questioned, because it has been
speculated that it is derived from cross-sectional observations and it is conceivable that sexual inactivity drives a
reduced testicular function, and not the other way around
[1]. However, a longitudinal analysis of the European
Male Aging Study cohort showed that the presence of
sexual symptoms at baseline is not associated with an
incipient high grade, whereas an incipient high grade at
follow-up is associated with the development of sexual
symptoms [7].
An opportunity to solve the dilemma is offered by the exjuvantibus criterion. If T deficiency is causing sexual
symptoms, these symptoms should be improved by T
therapy. In our previously published meta-analysis we
showed that TTh is superior to placebo in improving all
aspects of sexual function [8]. The outcomes observed were
independent of age but negatively related to the levels of T
at enrolment. In addition, as expected, the effects of TTh
were lower in the presence of conditions known to produce
vascular damage, such as in the case of diabetes mellitus
[8]. It should be recognized that human studies evaluating
the effect of T on sexual function are extremely heterogeneous in their assessment, because, quite often, different
self-reported measures have been used for the evaluation of
the final outcome. To overcome this problem, in our
previous meta-analysis we homogenized the effect size
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by using the method of Hedges and Olkin [9]. However, even
this method presents important limitations [10].
Although most studies, including meta-analyses and
systematic reviews, have provided supporting evidence that
T therapy does in fact improve sexual symptoms in men
with TD [11–15], a recent systematic qualitative review on
the effect of TTh on several outcomes in controlled trials
concluded that TTh did not show consistent benefits for
sexual function [16]. That conclusion was based on a
subjective interpretation of study results, without considering overall patient population characteristics at baseline,
including T levels. Despite those limitations, the question as
to whether TTh provides sexual benefits has again
resurfaced. For this reason, we have undertaken to perform
a new meta-analysis in which we have restricted article
inclusion to only randomized controlled trials (RCTs) in Tdeficient men in which the same assessment instrument
was used, the International Index of Erectile Function (IIEF).
The IIEF is the most frequently used validated tool to
assess male sexual function [17]. It has been recommended
both as a primary endpoint for clinical trials of ED and for
diagnostic evaluation of ED severity. The original version
included 15 items encompassing several sexual domains;
however, in order to improve its usefulness in clinical
practice an abridged 5-item version was developed and is
known as the IIEF-5 or Sexual Health Inventory for Men
[18]. Another 6-item version of IIEF-15 (IIEF6: the erectile
function domain of IIEF-15 [IIEF-EFD]) [19] was separately
developed and validated to diagnose the presence and
severity of ED.
To better clarify the role of TTh on sexual function, the
aim of the present study was to perform a meta-analysis of
available data evaluating the effect TTh on male sexual
function using IIEF, in its different versions, as the primary
outcome.
2.

Evidence acquisition

This meta-analysis was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses checklist (Supplementary data; http://www.
prisma-statement.org/).
2.1.

Eligibility criteria

All placebo-controlled RCTs enrolling men investigating the
effect of TTh on sexual function were included in the
analysis.
2.2.

Information source and search strategy

An extensive Medline, Embase, and Cochrane search was
performed including the following words (‘‘testosterone’’[MeSH Terms] OR ‘‘testosterone’’[All Fields]) AND (‘‘sexual
behavior’’[MeSH Terms] OR (‘‘sexual’’[All Fields] AND
‘‘behavior’’[All Fields]) OR ‘‘sexual behavior’’[All Fields] OR
‘‘sexual’’[All Fields]) AND (‘‘physiology’’[Subheading] OR
‘‘physiology’’[All Fields] OR ‘‘function’’[All Fields] OR ‘‘physiology’’[MeSH Terms] OR ‘‘function’’[All Fields]) AND
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(Clinical Trial[ptyp] AND (‘‘1998/01/01’’[PDAT]: ‘‘3000/12/
31’’[PDAT]) AND ‘‘humans’’[MeSH Terms] AND ‘‘male’’
[MeSH Terms]). The search, which accrued data from
January 1, 1998 up to October 31, 2016, was restricted to
placebo controlled RCT, which used IIEF for outcome
evaluation.
2.3.

Study selection

All RCTs comparing the effect of TTh versus placebo and
using IIEF as the possible main or secondary outcome were
included in the analyses. Although different other selfreported inventories have been published and validated for
the evaluation of sexual function [20], the IIEF questionnaire
is the only one which allows for the evaluation of minimal
clinically
important differences [21]. Observational studies
[(Fig._1)TD$IG]

or studies not using IIEF as primary outcome were excluded
from the analysis (Fig. 1). Studies using androgens other
than TTh as well as studies with simultaneous treatment
with other hormones and drugs were also excluded, unless
there was a clearly defined treatment arm that received only
T treatment. In addition, since phosphodiesterase type
5 inhibitors (PDE5is) have been reported to play a possible
positive influence on T levels, trials evaluating the effect of
TTh as an add-on to PDE5is were excluded from the analysis
(Fig. 1). The search was restricted to English-language
articles and human studies. The identification of relevant
studies was performed independently by two of the authors
(G.C. and G.R.), and conflicts resolved by a third investigator
(M.M). Items for the assessment of quality reported in the
Cochrane handbook were used for the evaluation of RCTs
included in the study [22].

Published studies
Medline/Embase/Cochrane
search N = 284
Citations clearly not relevant based on
abstract and/or title
N = 141
Potentially relevant articles retrieved for
detailed examination
N = 143
Reviews
N=1
No testosterone replacement therapy
N = 48
No RCT design
N = 21

No placebo as comparator
N = 10
Testosterone replacement therapy
combined with different therapies
N = 11
Only baseline data from a RCT before
final publication
N=1
No data on sexual function
N=8
ED evaluated with instruments other than
IIEF
N = 18
Specific populations
N=9
Studies on women
N=2
Retrieved
N = 14
Fig. 1 – Trial flow diagram.
ED = erectile dysfunction; IIEF = International Index of Erectile Function; RCT = randomized clinical trial.
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2.4.

Outcome and quality assessment

The primary outcome of this analysis was the effect of TTh
on EF as compared with placebo. Several other sexual
related components were evaluated according to IIEF
subdomains [17]. For each IIEF subdomain, the mean and
the 95% confidence interval were evaluated. In addition, the
overall erectile function component, evaluated by either
IIEF-5 or IIEF-EFD score, was also considered. In the latter
case, the treatment-effect size and its 95% confidence
interval was calculated using the method of Hedges and
Olkin [9]. According to Cohen [23], a small treatment-effect
size is considered to be about 0.2, a medium effect size to be
about 0.5, and a large effect size to be about 0.8
2.5.

Statistical analysis

Heterogeneity across studies of effect size of TTh versus
placebo in studies using IIEF-5 or IIEF-EFD, or when only IIEFEFD score was considered, was assessed using I2 statistics,
and, although the validity of tests of heterogeneity can be
limited due to the small number of component studies, both
fixed and random effect models were applied for analysis.
Sensitivity analyses or regression linear adjusted models
were performed, whenever appropriate. All analyses were
performed using Comprehensive Meta-analysis Version 2,
Biostat (Englewood, NJ, USA). Multivariate analyses were
performed on SPSS (SPSS Inc., Chicago, IL, USA) for Windows
22.1. Risk of bias was generated with Revman software
Version 5.3 (The Cochrane Collaboration, London, UK).
3.

Evidence synthesis

3.1.

Studies characteristics

Out of 284 retrieved articles, 14 were included in the study
[24–37]. However, one study [24] not adequately reporting

p values or mean differences was used only when
standardized effect size calculations (standardized difference in means [SDM]) were performed. In addition, in one
study [35] only IIEF orgasmic domain was analyzed
(Table 1).
Available RCTs enrolled 2298 patients, with a mean
follow-up of 40.1 wk. These trials differed in baseline total
T levels. In addition, TTh was administered in different
doses and formulations. In particular, all studies except two
[25,27] evaluated the effect of TTh in hypogonadal patients
(7 with T below 12 nM and 5 with T < 8 nM). In addition,
one trial used oral T formulations, whereas four and eight
studies used intramuscular and transdermal T preparations,
respectively. Finally, in one RCT both intramuscular and
transdermal T formulations were used. The characteristics
of the trials included in the meta-analysis are summarized
in Table 1.
3.1.1.

Risk of bias

Risk of bias in included studies is summarized in
Figures 2 and 3.
Allocation (selection bias). All studies were RCTs and
precisely specified the methodology of randomization.
Blinding (performance bias and detection). All studies
expect one [24] were double-blind. One double-blind study
was a double dummy with cross-over [30].
Incomplete outcome data (attrition bias). Only 12 trials
correctly reported the drop-out rate and the evaluation of
data after drop-out. The remaining studies [24,30] included
in the meta-analysis neither reported the drop-out rate nor
gave information about the evaluation of patient drop-out.
Selective reporting (reporting bias). The primary endpoints
described in the aims were reported in the results section of
each study. Several studies included secondary endpoints,
which, however, were not always completely reported in
the results and discussion sections.
Other potential sources of bias. None.

Table 1 – Characteristics and outcomes of the randomized, placebo-controlled clinical studies included in the meta-analysis (all data are
reported as mean W SD)
Study (ref.)

No. patients
(T/placebo)

Cavallini et al., 2004 [24]
Svartberget al 2004 [25]
Chiang at al 2007 [26]
Allan et al., 2008 [27]
Chiang at al 2009 [28]
Giltay et al., 2010 [29]
Aversa et al., 2010 [30]

40/45
15/14
20/18
31/31
20/20
113/71
42/10

Jones et al., 2011 [31]
Hackett et al., 2013 [32]
Gianatti et al., 2014 [33]
Basaria et al., 2015 [34]
Padouch et al., 2015 [35]
Brock et al., 2016 [36]
Snyder et al., 2016 [37]

103/102
92/98
44/41
104/94
36/40
303/297
234/266

Age (yr),
mean  SD
or age range

T levels
(nM)

24
26
12
52
12
30
48

60–72
54–75
20–75
63.3
20–75
35-69
68.8  6.5

<12
Eugonadal
<12
<15
<8
<8

NR
0
0
0
0
29

52
30
40
156
16
16
52

59.9  9.3
33–83
62.0
67.6
50.7
55.3
71.6

<8
<12
<12
<12
<12
<8
<8
<8

7.5
62
100
100
15.1
NR
30
NR

Trial
duration
(wk)

Diabetes
(%)

Dose
(daily)

TU 160 mg/d
TE 250mg/mo
TG 50 mg/d
T path 50 mg/d
TG 50 mg/d
TU 1000 mg/12
TU 160 mg/d
TU 1000 mg/12
TG 60 mg/d
TU 1000 mg/12
TU 1000 mg/12
TG 75 mg/d
T solution
T solution
TG 50 mg/d

Sexual
function tool used

wk

IIEF-15
IIEF-5
IIEF-EFD
IIEF-15
IIEF-15
IIEF-5
IIEF-5

wk
wk
wk

IIEF-15
IIEF-15
IIEF-15
IIEF-5
IIEF-15 orgasmic domain
IIEF-15
IIEF-15

EFD = Erectile Function Domain; IIEF = International Index of Erectile Function; NR = not reported; ref. = reference; SD = standard deviation; TE = testosterone
enanthate; TG = testosterone gel; TU = testosterone undecanoate.
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[(Fig._2)TD$IG]

Fig. 2 – Methodology quality graph: review author’s judgments about each methodology quality item presented as percentage across all studies.

3.1.2.

EF component

Data on the effect of TTh on EF, including IIEF-EFD or IIEF-5
score (EF component), were available in 10 and four studies,
respectively (Table 1). I2 was 74.4 (p < 0.0001). The Beggadjusted rank correlation test (Kendall tau 0.37, p = 0.08),
based on TTh versus placebo on EF component, suggested
no major publication bias.
Overall, the combined data for IIEF-EFD and IIEF-5 score
showed that TTh provided a significant improvement of the
EF component as compared with placebo (SDM =
0.32 [0.28;0.41], p < 0.0001; Fig. 4, panel A). The results
were confirmed even when random effect was considered
(SDM = 0.41 [0.21;0.60], p < 0.0001; Fig. 4, panel B). Metaregression analysis showed that the effect of TTh was lower
in those studies with a higher prevalence of diabetes
mellitus or a higher body mass index at enrolment, and
increased as a function of trial duration (Fig. 5, panels A–C).
Interestingly, by applying the formula derived from metaregression analysis, we found that the estimated EF
component with TTh was already significantly different
from placebo after 3 mo of therapy (SMD = 0.23
[0.09;0.49]). The improvement in overall EF component
was unaffected by mean age (S = 0.005 [–0.008;0.017],
p = 0.47 and I = 0.033 [–0.740;0.806], p = 0.93), mean
baseline total T (S = 0.035 [–0.009;0.078], p = 0.12 and
I = 0.040 [–0.331;0.412], p = 0.83) or mean baseline IIEF
score (S = 0.014 –0.010;0.038], p = 0.26 and I = 0.149
[–0.171;0.468], p = 0.36). There was no significant difference
between trials enrolling subjects having TT <12 nmol/L or
TT <8 nmol/L at baseline (Q = 0.41, p = 0.52). The negative
association between overall TTh-induced EF improvement
and diabetes was confirmed in a multivariate regression
model, after adjusting for body mass index, age, trial
duration, and mean T at enrolment (adjusted r2 = –0.128
and –0.128, both p < 0.0001 for fixed and random models,
respectively).
I2 calculated when only trials using IIEF-EFD as the
outcome were considered was 43.3 (p = 0.12). A sensitivity
analysis restricted to the latter trials confirmed the positive
effect of TTh in improving EF as compared with placebo
either when fixed or random models were applied

(Fig. 6, panels A and B; Supplementary Fig. 1, panels A
and B). Accordingly, patients with more severe hypogonadism (TT < 8 nmol/l) as an inclusion criterion reported
greater changes in final IIEF-EFD score when compared with
those with a milder form of T deficiency (TT < 12 nmol/L;
1.47 [0.90;2.03] and 2.95 [1.86;4.03] for total T < 12 nmol/l
and 8 nmol/l, respectively; Q = 5.61, p = 0.02 and
1.47 [0.90;2.03] and 2.95 [1.86;4.03] for total T <
12 nmol/l and 8 nmol/l, respectively; Q = 5.61, p = 0.02,
for fixed and random models, respectively; Fig. 6, panels A
and B). Similar results were observed when the effects of
TTh over placebo on EF were expressed as a percentage
change in the maximum IIEF-EFD score as derived by
applying either fixed or random models (Supplementary
Fig. 2).
3.1.3.

Other sexual function components

Data on the effect of TTh on IIEF-libido, intercourse
satisfaction, and overall sexual satisfaction domains were
available in six studies, including 1269 individuals total.
Overall, TTh resulted in an improvement of IIEF-desire,
intercourse, and overall sexual satisfaction domains,
whether the fixed or random models were applied (Fig. 6,
panels A and B; Supplementary Fig. 1, panels C–H).
Data on the effect of TTh on IIEF-orgasmic domain were
available in seven studies, including 1300 individuals. Even
in this group, TTh determined a significant improvement
over placebo both when fixed or random models were
applied (Fig. 6, panels A and B; Supplementary Fig. 1,
panels I–L). The data were confirmed when one study
(Poudch et al., 2015) which included a mixed population of
patients with premature and delayed ejaculation was
excluded from the analysis (Fig. 6, panels A and B).
Finally, data on IIEF-15 total score was available in four
studies enrolling 607 patients. When compared with
placebo, TTh resulted in a significant positive effect both
when fixed or random models were applied (Fig. 6, panels A
and B; Supplementary Fig. 1, panels M–N).
Similar results were observed when the effects of
TTh over placebo on the different IIEF-subdomains
were expressed as a percentage change in the maximum
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Fig. 3 – Methodological quality summary: review authors’ judgements
about each methodology quality item for each included study.

IIEF-subdomain scores either when fixed or random models
were applied (Supplementary Fig. 2, panels A and B).
4.

Discussion

The results of this study confirm that TTh improves multiple
aspects of sexual function in hypogonadal patients [8], as
measured by the frequently used, validated instrument, the
IIEF. The effect of TTh on ED is independent of age and
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baseline IIEF score; however, the effect of TTh on ED is
greater in patients with low T levels at baseline and lower in
the presence of metabolic derangements, such as diabetes
and obesity. Since metabolic conditions are often associated
with relatively milder degrees of T deficiency, we cannot
rule out the possibility that the lower apparent efficacy of
TTh in these conditions is due to higher T baseline levels.
According to Rosen et al [21], the observed mean 2.3-point
(when random model was considered) increase in IIEF-EFD
score should be considered clinically meaningful only in
patients with mild ED and not in those with more severe
forms. Hence, the present data suggests that TTh alone may
be a reasonable treatment option in men with milder ED
[21].
In sexual medicine, it is common to use self-reported
measures to evaluate the subjective perception of a specific
treatment [21]. Considering that several patient-reported
outcomes (PROs) have been validated and employed in
different studies, the comparison of outcomes is not always
an easy task [21]. To address questions for which multiple
data sources are in conflict, or fail to reach a consensus, a
meta-analysis is often used. In addition, a meta-analysis is
particularly useful when there are a variety of reports with
low statistical power; pooling data from multiple studies
can improve power and provide a convincing result.
However, results from previous meta-analyses on this
topic have been conflicting [8,11–13,38]. The different
methods used to compare PROs can explain, at least
partially, the conflicting results.
The most common method to compare results from
different tools on the same outcome is based on treatmenteffect size, calculated according to the method of Hedges
and Olkin [9]. Interestingly, by applying this method we
recently documented a positive effect of TTh on sexual
function in hypogonadal patients (total T < 12 nmol/l), in
line with some previous meta-analyses [11,13]. The present
and previous [11,13] positive results are in apparent
contrast to those reported by Tserstvadze et al [38], who
did not document any significant effect of TTh on erection,
either alone or when added to PDE5i. It should be
recognized that Tserstvadze et al [38] used the DerSimonian
and Laird [39] method for the calculation of the effect size,
which may underestimate the true between-study variance,
potentially producing overly narrow confidence intervals
for the mean effect [40], especially when the between-study
variance is large [41]. In addition, Tserstvadze et al [38]
analyzed only nine RCTs enrolling mixed eugonadal/
hypogonadal patients, which may have resulted in a
possible inclusion bias. In fact, the present meta-regression
analysis of RCTs grouped on the basis of total T levels as
inclusion criterion indicates that the effect of TTh on IIEFEFD score is greater in severe TD, as previously reported [8].
Qualitative reviews represent an alternative to summarize and discuss available evidence on a specific treatment
endpoint. A recent review considered 48 studies assessing
sexual function or libido as a primary or secondary endpoint
of TTh [16]. The authors concluded that TTh did not show
consistent benefit for sexual function. However, that review
failed to distinguish between results in eugonadal and
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A

Study name

Statistics for each study
Std diff Lower
in means limit

Std diff in means and 95% CI

Upper
limit

p value

Cavallini et al., 2004
Svartberg et al., 2004
Chaing et al., 2007
Allan et al., 2008
Chiang et al., 2009
Guilty et al., 2010
Aversa et al., 2010
Jones et al., 2011
Hackett et al., 2013
Gianatti et al., 2014
Basaria et al., 2015
Brock et al., 2016
Snyder et al., 2016

0,58
0,90
0,40
0,43
0,90
0,29
2,00
0,08
0,33
–0,51
0,67
0,27
0,30

0,14
0,06
–0,26
–0,19
0,25
–0,02
1,21
–0,21
0,04
–0,95
0,38
0,11
0,12

1,02
1,74
1,05
1,05
1,55
0,60
2,79
0,37
0,62
–0,08
0,95
0,43
0,47

0,01
0,04
0,23
0,18
0,01
0,07
0,00
0,59
0,03
0,02
0,00
0,00
0,00

Overall

0.32

0.24

0.41

0.001
–2,00

–1,00

0,00

2,00

1,00

Placebo

TTh

B
Study name

Statistics for each study

Std diff Lower
in means limit

Cavallini et al., 2004
Svartberg et al., 2004
Chaing et al., 2007
Allan et al., 2008
Chiang et al., 2009
Guilty et al., 2010
Aversa et al., 2010
Jones et al., 2011
Hackett et al., 2013
Gianatti et al., 2014
Basaria et al., 2015
Brock et al., 2016
Snyder et al., 2016

Overall

0,58
0,90
0,40
0,43
0,90
0,29
2,00
0,08
0,33
–0,51
0,67
0,27
0,30

0,14
0,06
–0,26
–0,19
0,25
–0,02
1,21
–0,21
0,04
–0,95
0,38
0,11
0,12

Std diff in means and 95% CI

Upper
limit

p value

1,02
1,74
1,05
1,05
1,55
0,60
2,79
0,37
0,62
–0,08
0,95
0,43
0,47

0,01
0,04
0,23
0,18
0,01
0,07
0,00
0,59
0,03
0,02
0,00
0,00
0,00

0.41 0.21 0.60 0.001
–1,00

–0,50

Placebo

0,00

0,50

1,00

TTh

Fig. 4 – Effect size (with 95% confidence interval [CI]) of testosterone treatment (TTh) versus placebo on erectile function component (including
studies using International Index of Erectile Function (IIEF)-erectile function domain or IIEF-5 score as possible outcome) as derived by applying fixed
(A) or random (B) models.
Std diff = standard difference.

hypogonadal men, men with or without baseline symptoms, and studies that used different instruments for
assessment [16]. In addition, their interpretation of results
was not based on any stated criteria or validated statistical
method, and relied solely on their personal interpretation.
Strong additional supporting evidence for sexual benefits of
TTh comes from the Testosterone Trial, the largest
randomized controlled trial to date, which demonstrated
significant benefits in sexual activity, libido, and erectile
function [37].
IIEF is the most widely used PRO in sexual medicine and
it was recommended by the International Consultation on
Sexual Medicine in 2004, 2010, and 2015 as the gold
standard for measuring EF [21]. Using data from 17 RCTs

including 3345 patients treated with a PDE5i (tadalafil) or
placebo for 12 wk, Rosen et al (21) calculated the minimal
clinical important difference in the IIEF-EFD score. By
applying receiver operating characteristic curve analysis to
studies with tadalafil, they found that an increase of
4 points in IIEF-EFD score represents the best threshold for
the definition of a clinically relevant improvement in
comparison to placebo [21]. When results were stratified
according to ED severity, the minimal clinical important
difference dropped down to 2. Interestingly, our data
showed that TTh was able to improve IIEF-EFD-score by
2.3 points, increasing to almost 3 points when a more severe
TD (TT < 8 nmol/l) and random effect model were
considered. These data indicate that, in hypogonadal
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patients, TTh alone could be considered in milder forms of
ED, whereas in the more severe forms the add-on of other
treatments, such as a PDE5i, might be appropriate.
TTh was less effective in improving EFD-score in patients
with obesity and diabetes. This finding is not surprising as it

is consistent with the reduced efficacy seen for all available
treatments for ED in patients with diabetes. This is likely
due to the presence of multiple diabetes-associated
complications, such as peripheral neuropathy and vasculopathy, including macroangiopathy, microangiopathy, and
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endothelial dysfunction, which are not necessarily due to
androgen deficiency [42–45]. In addition, TD induced by
metabolic diseases is usually mild. It is conceivable that in
trials including hypogonadal patients, those with diabetesor obesity-associated TD have higher baseline T levels
possibly leading to a lower effect of TTh. Although the
presence of metabolic derangements could diminish the
efficacy of TTh on ED, the positive effect of TTh on body
composition and insulin sensitivity [46–48] might counterbalance the lower efficacy. In addition, the positive effect of
TTh on both ED (present study) and body composition [46–
48] increase as a function of trial duration, suggesting the
possibility of a positive interaction between decrease in fat
mass and/or increase in lean mass and ED response to TTh.
Interestingly, age at enrollment did not affect TTh
responsiveness in terms of EF, suggesting that TTh could
be offered to all hypogonadal patients, even to the older
ones, after a careful evaluation of its safety.
The positive effect of TTh on libido is also in line with
previous findings [8,49]. Similar results were obtained for
other aspects of sexual function including intercourse and
overall satisfaction.
Finally, we here confirm the results of a previous metaanalysis by our group [8], showing that TTh is able to
improve orgasmic function as detected by IIEF specific
subdomains. Both experimental and clinical studies have
documented that T is profoundly involved in the regulation
of the male ejaculatory reflex [50]. In line with our finding, a
recent, large, placebo-controlled trial performed on more
than 700 patients documented that a 2% transdermal T
solution was able to improve orgasmic and ejaculatory
function, although the associated bother did not improve
[51].
Several limitations should be recognized. The present
meta-analysis was not registered on PROSPERO and
individual levels of T at endpoint were not available. Hence,
no possible comparisons between patients who normalized
or were unable to normalize T levels at endpoint were
possible. Similarly, no possible comparisons between
patients with or without diabetes at enrolment were
possible. Meta-analyses are based on the synthetic reports
of the average results obtained in each study, without
access to patient-level data. For this reason, some of the
original information of each study is lost in meta-analyses.
However, the possibility of combining a large number of
investigations allows for a much greater statistical power,
limiting the problem of casual results because of small
sample size. It is also possible that some of the results
noticed here are caused by the effects of unadjusted
confounders. Hence, great caution is required in the
interpretation of results, which should be confirmed in
large-scale observational studies.
5.

Conclusions

In conclusion, the present results confirm that TTh provides
several important sexual benefits, and by extension,
strongly indicates that sexual dysfunctions are a hallmark
of TD. Although it has been proposed by the Food and Drugs
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Administration that hypogonadism should only be treated
in men with a limited list of underlying conditions, which
has been called ‘‘classic hypogonadism’’ [1], nearly all
studies included in this meta-analysis were comprised of
populations of men without classic hypogonadism. For
example, in the T trial [37] 63% of the participants were
obese. The positive results reported here thus indicate that
symptomatic testosterone-deficient men benefit from TTh
regardless of the underlying etiology. Conversely, the use of
TTh as a supplementation for a lifestyle change must be
avoided and discouraged. These results provide scientific
evidence that directly contradicts the recommendation to
limit the use of TTh only to men with classic hypogonadism
[1]. Although the positive effects of TTh on hypogonadal
men with ED were more apparent in lean subjects, it is
possible that the positive effect of TTh on body composition
[46–48] can eventually result in an improvement of ED even
in hypogonadal obese patients, after longer-term therapy.
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